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Description 

Ftotd of the Invention 

This invention relates to electrosurgical tissue treat- 
ment, and in particular, to a method and apparatus for 
controlling the electrosurgical treatment of tissue by 
measuring impedance of the tissue being treated by an 
eJectfosurgicai device 

Background of the Invention 

Electrceurgtcal generators are used to deliver ther- 
apeutic electrical energy to surgical instruments. These 
instruments are used for example, tor cutting, coagula- 
tion, tissue welding, ablation, and dissection. Both mo- 
nopolar and bipolar generators typically supply electro- 
surgcal energy in the radio frequency |RF) range to euch 
instruments. Usually such generators include controls 
that regulate the voltage anchor current so that a select 
power level is approximately delivered and a maxvnum 
power level is not exceeded. 

When such RF generators are used, the primary 
control is the experience of the surgeon who responds 
to what is observed to be happening to the tissue as it is 
treated with the RF energy. Often, particularly for endo- 
scopic procedures, surgeons cannot reacbry see what is 
happening to the tissue: Also, the change in tissue prop- 
erties due to the RF energy may occur soquic Wy so as 
not to afford time for the surgeon to react soon enough 
to turn off electrical energy to the instrument As a result 
some problems which may occur irx^ude tissue chairing, 
sticking of tissue to the electrodes of the surgical instru- 
ment, and over or under treatment of tissue. 

ft has been recognized that the tissue impedance 
changes as RF energy ie applied to the tissue Attempts 
have been made to control the power delivered to the 
tissue as the tissue impedance changes. For example, 
current has been controlled based on the change in the 
voltage or the power delivered by the generator to tissue 
The differential quotient of tissue impedance as RF pow- 
er is applied to the tissue has been used to determine 
en initial power level and to switch oft RF power when 
the drfferenttal quotient of impedance reaches a preset 
value. 

NotwWistanding these control arrangements, there 
is a continuing need lor improvement in the control of 
efectrosurgical energy delrverance to the tissue end** 
determination of when tissue treatment has reached an 
optimal level. 

In particular there is a need to provide a device and 
method for determining the end point of coagulation tor 
a variety or a range of tissue impedance, due to. e.g.. 
varying tissue composition, tieeue types and treated tis- 
sue areas anoVor volumes. 

The present inventton relates to a device and mem 
od of the type described m EP-A-O 640 31 7. 



Summery of the Invention 

The present invention provides an impedance mon- 
itoring device and/or method which monitcrs the imped- 

5 anceol tissue between poles of a therapeutic eiectroeur- 
gical instrument Based on a model of expected tissue 
tmpedance behavior over time with the deliverance of 
electrosurgical energy, the monitored tissue impedance 
is used to determine tissue status. This wiM be descnbed 

10 in more detail below. A signal indicating status of tissue 
is provided ether to a user or to an inelrurner* comroMer 
The device may also include a switch which automati- 
cally turns off the electrical energy when treatment is 



7S *n acco r d an ce with the present invention, a tissue 
impedance monitor is provided which continuously 
measure* t«»ue impedance as electrical energy is do- 
Kvered to tissue. Accoidtog to known tissue snpedance 
models, tissue rnpedance intially drops as electrx^erv 

20 ergy is applied and then begins to rise again as coagu- 
lation occurs. The present invention provides tor estab- 
lishing a value for the minimum irnpedance. ie.. when 
trie impedance is aiiUlov^vaJue 
p lied The*, the rnpedance value anticipated to provide 

& the desired tissue effect is determined by calculating a 
selected function of the established mtntmum imped- 
ance When the measured impedance rises to the level 
of the impedance value for the desired result; kg., co- 
agulation, tissue welding or a level of diathermy, the in- 

30 strum ent w» indicate or provide a response for such 
event. The present i nv e nt ion is preferably adapted so 
that the con diti on ie detected for a range of expected tis- 
sue impedances which varies according to tissue type, 
area and/or volume. 

In a preferred ernbodlment the desired tissue coodi- 
tion is where coagulation is com plet ed. When this point 
has been reached a feed b ack signet is provided to a con- 
trot uns or to the ueer. at which time the energy supply 
is switched off. The feedback signal may. for example. 

*o provide a visual, audfete or tactile signal to a user, and/or 
may provide instnjcttons to a comrc4uruttoautomaiica»y 
turn off energy supplied to the tissue. 

Optionally, the device may also include a switch, 
adapted to turn off electrical energy when a short circuit 

<<5 condition is detected, when an open circuit condition is 
detected or when the device is on. i.e.. supplying current 
or voltage for a preset maxvnum amount of time. 

In acc ord ance win one aspect of the present inven- 
tion, an electrosurgical apparatus tor coagulating tissue 

so during a surgical procedure comprises an end effector 
with opposing interfacing surfaces which may be closed 
towards each other to engage tissue to be electrosurgi- 
caHy treated. Preferably the end effector includes first 
and second elements movable relative to one another 

55 for engaging tissue to be coagulated therebetween At 
least one of the electrical poJee of the r^sUurnent is com- 
posed of en electrode associated with at least one of the 
Gmt aocf ■•cond • in ee a . TH* •teotrorfe m in e ewieet 
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with the tissue to be coagulated. A power controller re- 
sponsive to a power control signal provides RF energy 
to the tissue contacting electrodes) of the first andtor 
second elements. 

Impedance measuring circuitry is coupled to the RF 
generator output and measures the impedance of the tis- 
sue between electrodes corresponding to the first and 
second poles. Feedback circuitry is coupled to the im- 
pedance measuring circuitry. The feedback circuitry in- 
cludes a first device tor determrttng a minimum imped- 
ance value end holding said minimum xnpedance value. 
A second device provides a threshold determining circuit 
coupled to the first device. The threshold determining cir- 
cuit determines a threshold impedance value as a func- 
tion of the held minimum impedance vakie. 

the threshold deterrrvning circuit may comprise an 
analog devce for determining the function of mrorwrn 
' impedance .or a digital circuit>cluding. tor example, a 
look up table tor determining the threshold impedance 
value based on an input minimum impedance vakie. 

After a threshold value has been delermmed. a first 
comparator compares the measured imrjedance value 
to mreshoid impedance value and generates a power 
control signal to the power controller to control the RF 
energy deiyered to the tissue upon the condition oUhe 
measured wnpedance vatuo excoeding the threshold m- 



on the distal end of the etectrosurgjcal device so that 
when me first and second elements close together to en- 
gage tissue, opposite electrodes are located between a 
portion of the engaged tissue. The impedance monitor- 
s ing circuit moniors tfie impedance of the tissue berween 
Ihe electrodes during the delivery of RF energy through 
that tissue. As described above a minimum impedance 
is measured from which threshold impedance is calcu- 
lated. A comparator comperes the measured Impedance 
to vaiues to the o^termined threshed 

generates a control signal to switch off the RF power de- 
livered to the tissue: upon the ccridtton of measured im- 
I Ihe threshold impedance vaK 



A power controller may include at least one electrical, 
switch tor selectively supply^ RF ecwgy to the 
ment to coagutote tissue positioned between the first and 
second elements. 

The p ow er controser may selectively switch oft the 
power suppBed to the tissue under a number of condi- 
tions. The controller may be used to switch off power 
when the measured impedance value exceeds the 
threshold impedance value, when en open circuit condi- 
tion or a short circuit condition exists, or if voltage end 
current is suppbed for a period of time exceeding a max- 



Another aspect of the present invention provides a 
control device for bringing the energy output of the gen- 
erator within an optimal range delerms^edLby a system 
load curve. The control device uses measured load im- 
pedance to determine the desired energy level output 
and compares the desired energy output to the actual 
energy delivered to a target including tissue. The control 
device takes the resutong comparison and controls the 
generator output accordingly. 

ARhpup/t the instru^ 
or a multipolar device including two or more than two 
poles, the end effector preferably includes two electrical- 
ly opposite electrodes corresponding to two electrically 



in the preferred bipotar device, electrically opposite 
electrodes of each of the poles are located on one or 
both of the opposog surfaces. Each of the first and sec- 
ondefeetncaayoppositopoie^ 

sua contact r»o e lecti o de . th* •tacttodo* are mrrmnomd 



>5 inonerxefen^edembodxnerrteachof the electrodes 
corf eipondihg to the first pole are of set with respect to 
the inlerfacvSg surface from each of the electrodes cor- 
responding to the second pole, to other words, the elec- 
trodes are offset from each other so that they are not 
to ctemetricaMy opposed from each other on interfacing 
surfaces or they are separated and mutated from each 
other on the same surface. 1 

In the preferred ernboc fr hant the electrosurgicel in- 
strument compresses tissue in a compress ion .zone be- 
2S tweeh the first interfacing surface end the second inter- 
facing surface and applies electrical energy through the 
compression zone. More preferably, the ccrnpression 
zone is an area defined by a corrpresskxi rk^ on one 
of 6e*tertacingaijr^ 
30 aga^theotrterimertacingsurfa^ 

addition, there may be a compression ridge on both in- 
terfacing surfaces. 

One embodiment includes a cutlir^ elernent asso- 
ciated with an end effectoc The cutting element is ax- 
is ranged to cut tissue at or hear t^ coaguWion site. Pref- 
erably. the cc*»gulation is completed pnor to any me- 
chanical or other cutting at or around ihe f coagulation 
site. Once tissue is coagulated or cauterized, the cutting 
element may be used to cut through the coagulated us- 
40 sue or between two zones of Ussue coagulation. 

In another embodiment the hemostaJic device is in- 
corporated into a Sneer cutter similar to a linear cutting 
mechanical stapler. In this embodiment the hemostatic 
dev^ comprise* two subetar^ 
45 ed electrode bars which are a ss ocia t ed with one pole, 
and a slot tor cutting means to travel between the bars. 
Optionaiy one or more rows of staples may provide on 
each side of the slot and bars to provide eddfcionalhe- 
mostasis. 

so In operation: tissue is clamped between two jaws of 
the irwdrument. and ele ct ri cal energy in the form of radto 
frequency fRF*) energy is suppfted to the compressed 
tissue to coagulate or cauterize blood vessels atong the 
two substanttaMy pamiel bars. Based on the impedance 
modeling ot the device with this epeefte electrode con- 
figuratxxx an appropriate function of the minimum im- 
pedence is incorporated nto the impedance fee dback 

cwguil W> ejfwww an oo or oo ri a f »rwhoM i"— Janc * 
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level. A warning mechanism is used lo warn the osef 
when me impedance is out of range or exceeds the 
threshold impedance level. Also the warning signal may 
be directed to a control circuil or power controller adapt- 
ed to then provide an appropriate instrument response, 
including where appropriate to turn oft the RF energy de- 
livered to the tissue. 

In accordance with another Aspect of the present in- 
vention a method of operating apparatus tor etoetrosur- 
gcalty treating tissue during surgpeal procedure is pro- 
vided. Accordingly, a preferred method comprises me 
steps of: applying RF energy to tissue to be electrosur- 
gically treated by means of an eleclrosurgical inetru- 
ment; measuring the impedance of the tissue between 
electrodes corresponding to two polee of the electrosur- 
gical instrument; generating me irnpedance signal rep- 
resentative of the impedance of the tissue: and control- 
ling the RF energy applied to the etectrosurgteal instru- 
ment in response to the impedance signal 

The step of connoting the F# energy a*x*ied to the 
etoctrosurgical instrument may comprise the steps of: 
determining and holding mintmom tnpeoW*ce value: de- 
t armmng a threshold irrVpedarrce value based on • func- 
tion of the rwiimum impedar^ value; comparing meas- 
ured impedance values to me threshold impedance val- 
ue; and generating a control signal to control or switch 
off me power of the controller upon the condition of 
measured impedance value exceeding me mreshold im- 
pedance value. 

In accordance with yet another aspect of the present 
invention, a method of operating an electrosurgical ap- 
paratus lor coagulating tissue during surgical procedure 
composes the steps of: providing an electfoeurgicaJ «n- 
strument hevirig en end effector comprising the first and 



Brief Description of the Prewinos 

Fig, lis a side view of a bipolar endoscopic electro- 
surgical wstrument operable in accordance with me 
5 present invention: 

Fig. 2 is a partial croaa-eectional view of the distal 
end of the instrument of Fig. 1 in an open position: 

io Tig. 3 is a partial cioss-sedcnal view of the distal 
end of the instrument in Fig. 1 in a dosed, untired 

position: 



f5 



20 



2$ 



and second tissue engaging surfaces ncludihg thereon 
a tissue contacting ♦Wctrode/ associated w«m a first pole 
of an electrosurgical system arid at least one of said first 
artdsecondtiesue engaging surfaces containwg lhereon 
a second tissue contacting electrode associated with a 
*econd pole c4 ths system; engaging tissue to be coag- 
ulated between me first and s econd tissue sngeging sur- 
faces; selectively controlling RF energy suppfced to me 
first and second tissue contacting electrodes for coagu- 
lating tissue posnioned thereOetween: measuring Ihe im- 
pedance of the treated tissue: determining and holding 
a rrwwrtum irnpedance value, determining a threshold 
impedance value based on a function of the mnmum 
impedance value; comparing measured impedance vat- = 
ues to the threshold impedance value; and controMing or 
•witching off the RF energy connected to the first end 
second electrodes upon the condition of the measured 
irnpedance value exceeding the mreshold impedance 



Fig. 4 is a partial cross 
and of the instrument in a 



view of the cSstal 
position: 



Fig. 5 is a front cross sectional view of the distal and 
of the instrument of Fig. t along the line 5-5; 

Figs. 6-9 represent a schematic block diagram of a 
microprocessor controlled impedance monitoring 
apparatus tor ccntroiing the RF s*er& o^lwired by 
electrc^iirgicat insirumsn^ 

Fig. 10 is a schematic Wdck dla^jram of an analog 
emoodirnent of the controller tdr t^ m the appara- 
tus of Figure v. ^. 



Other objects and advantages of the wvention writ 
apparent from the foeowing o*scnp6on.theaccc*rpany- 
tng drawings end the foeowing claims 



Fig. 11 is a togic diagram of the controter dfFig 10 
w iausirat«^conirorio^t^ 

Fig. 12 is a cfwractenstic curve iifcjetrating the 
change m s^pedance over time during application 
of electrosurgical energy i© tissue using the electro- 
js surgical instrument Muetrated in Figure 1. 

^.uM Wtotton ot the taeg^SB 

While the present invention ie general* applicable 
do to a variety of electrosurgical instruments bofh monopo- 
lar arid multpoiar, end i^oori^&c^m^mndouco^ 
ic. it will be described heren with reference to a bipolar 
linear cutting hstrument. 

The pnmary purpose of ther ^ Impedance monitoring 
45 device is to detetmihe when the tissue has been treated 
toadesireddegfee. Preferably this treatment is complet- 
ed when the tissue has been cauterized and before ex- 
cessive tissue sucking, burning or charring occurs. The 
impedance of tissue as it is being heated wrth electro- 
*> surgical er*r» c^nerafry to*^ 

irnp edan ce curve. Aocorc*ng to me impedance curve, 
oenerafty the vripedance will decrease, arrive at a mini- 
mum value, and then rise as coagulation end tissue dea- 
iccation occurs. At an impedance or within a range of 
55 impedances on a characteristic curve, coagulation will 
predictably occur. 

Figure 12 is a characteristic impedance curve Mo*- 
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the application of electros urg seal energy using the elec- 
trosurgical instrumenl illustrated in Figs. 1-S. The 
present invention determine* a threshold impedance on 
the curve at which coagulation has occurred 46. 
This imp eda nce ts based on the value of the lowest *m- 
pedance on the cuive. Z^ 45. 1 e.. *tf»en the impedance 
has stopped falling and begins to rise A function of the 
minimum impedance '(Z^) b used to approximately 
precftd a point at which coagulation occurs. 2 tmf9mi 46 

Referring now to Fig. 10 there * illustrated a sche- 
matic block diagram of an analog emtxxfrnent ol the wn- 
pedance ^monitoring device of the present invention. The 
impedance monitoring device determines when coagu- 
lation is complete, as wel as other instrument parame- 
ters, for example. H there is an open circuit, short circuit 
or if voltage and current is supplied to the tissue tor more 
than a predetermined maximum amount of time. Such 
conditions may indicate a problem with the instrument 
anoVor tissue engaged by the instrumenl. For example, 
if excessve. not enough, or.nappropriate tissue rs en- 
gaged by the instrument 

the instrument tO is positioned to engage tissue lo 
be treated. Then, when appropriately pos*ioned. : RF en- 
ergy is supplied to the tissue. 

A generator 70 supplies RF energy to the tissue en- 
gaged by the end effector' 15 of the instrument 10. Pref- 
erably, 30 to 200 volts RMS at a fundamental frequency, 
preferably of a simjsokfal waveform ata frequency ol 
about 300 Khz toSMhzuj supplied with a current of about 
0. 1 to 4.0 amps, the generator. 70 m turned on by a user 
operated switch 42 The user, operated switch 42 pro- 
vides a signal lb. the cont rotter 79 to turn on the energy 
The output 129 of, the controller ts coupled to an analog 
switch 1 30. When output 1 29 provides an *RF on* signal 
to the swnch. 1 30. an oscttotor 72. coupled to an analog 
multiplier 75 through the switch 1 30. supplies a voftage 
: of a known frequency to the analog mulipfcer 75. The 
output of the analog multiplier 75 is coupled to a driver 
76 which is coupled to the input of an RF amptfier 71 . 
An amplified RF signal ts supplied by the generator 70 
to a circuit 80 which incfudes the first electrode 39 and 
second electrode (anvi 1 B) of the instrument 10. and 
the tissue 43 to be treated by the instrument 1 0. 

The cunenx. and voltage delivered to the tissue is 
measured and an RMS current Orms*) and RMS volt ~ 
age (*Vrus") * determined. 

. A voltage and current sensor 81 senses the current 
and votage delivered to the tissue. The voltage and cur* 
rent sensor 81 includes a low im pedan c e current trans- 
former. 62 .in series with the generator 70; and a high* 
, impedance voltage transformer 83 connected in parasel 
across me generator 70. Preferably the current trans- 
former 82 has, tor example, a 120 winding ratio and a 
SO ohm resistor in parallel with the secondary of the 
transformer. Preferably the votage transformer 83 has. 
lor example, a 20:1 wincftng ratio and a IK ohm resistor 
•n parallel with the secondary of the transtormer. 

The output of the current tianstormar 82 is couoted 



to an RMS convener 84. The RMS converter 64 converts 
the sensed current to a DC signal to provide output 86. 
representative of Irms- The output of the voltage trans- 
. former 63 b coupled to an RMS converter 65. The RMS 
5 convener 65 converts the voltage signal into an DC sig- 
nal end provtfe output 67, representative of Vp^. 

the measured impedance. Z. is then calculated 
from the measured l* MS and V Rkts . The outputs 67. 65 
of V RUS and t nus are supplied to an analog divider 68 
which divides the V^, by the current to provide 
an output signal 69 representative of the measured Im- 
pedance, Z. 

From the 1*45. and measured impedance, Z. 
the impedance monitoring device determines whether a 
short circuit or open circuit condition grists, whethervott- 
age and current has been delivered for an amount of time 
. exceeding a predetarmsied maximum, and whether eo- 
agutation is complete. 

A short circuit condition is determined by comparing 
the measured impedance, Z. to a predetermined short 
circuit impedance threshold at or below which short cir- 
cuit is likely to exist ("Z^"). If the measured; Z is aft or 
below the Z^q. a short circuit signal rs provided to the 
controller.. 

.The impedance signal 69 is input to a short circus 
detector 90 comprised of a comparator: The positive in- 
put 92 of the comparator is connected to a pc4entiometer 
93 which sets the threshold impedance, Z^c- When the 
impedance sio7\ai 89 causes the xxxit at the negative 
input 94 of the comparator 91 to be lower than that at the 
positive input 92. an *on* con di t i on occurs at fie output 
.95 of the comparator 91 : This condition » corrvnurweatod 
to a togjc controls* 79 which provides a preprogrammed 
instrument response, which, in this embodiment, in- 
cludes turning off RF energy. 

An open eveuft condition exists if there is a voltage 
between (ha electrodes 18. 39. and no current An open 
circuit is determined as follows: If the is eoove a 
predetermined minimum threshold indicating a voltage, 
V^, and the l*^ is below a predetermined mmirnum 
current threshold indicating a current I****** - an 
open circuit signal is provided to a controller: 

A current threshold detector 106 knesjdes a potenti- 
ometer 107 coupled to the negative input 106. The po- 
tentiometer 107 sets the 1^^, level so that when a cur- 
rent is present, the current detec tor 106 win indicate as 
such. The Irus **9 ft *J 06 is connected to the positive in- 
put 109 of the comparator 106. Thus, when the i nM is 
greater than the value. 1*^*/ set by the potenttometer 
107. a positive voltage appears at the output 110 of the 
current threshold detector 106. 

Simaany. a voltage mreehoW detector 113 includes 
a potentiometer 1 1 4 connected to the negative input 1 1 5. 
The potentiometer 114 sets tie votage threshold et 
55 which the threshoto detector 113 registers* poertrye out- 
put. when a minimum voftage is present. The 

v *ms signal is input to the positive input 116 of fee 

mrochoid ck*«ctor lt3 THum. IT th* m m*mm* m 



if 



45 



32* 23- 97 :2:10 PEEDFAX - 914153253057 



NO. 188 PQ36/040 



9 EP 0 703 461 A2 10 



v ihs*»* set b y tho potentiometer 114. a positive voltage 
wit) appear at the output 1 1 7 of the voltage threshold de- 
tector 113 

The output 1 1 7 ol the voltage threshold detector 1 1 3 
is eteo coupled to an AND gate 1 1 1 and the output 110 
of the current threshold detector 1 06 is coupled to an in- 
verted input 112 of the AND gate 111. The AND gate ill 
acts as an open circuit detector. When the V RU5 exceeds 
the V Awth and where the i RM3 does not exceed i#*,» h , 
a logic 1 witt appear at the output 120 of the AND gate 
111 indicating an open circuit. The output 1 20 of the AND 
gate 1 11 is coupled to the controller 79 to communicate 
tne open circuit status. 

If current or voltage is supplied an extended period 
of time and a coagulation complete c o ndi ti on has not 
been, detected, it may indicate, for example, that the in- 
strument ts not clamped on tissue or that a malfunction 
has occurred, tf the V WMS is above the predetermined 
v t»mH ,h * '*ms ** Above Ifrrm**' then a timer is turned 
on. II the timer is on for a period of time greater than a 
predetermined maximum amount of time. T mM . then a 
time over signal is provided to the controller. If the dura- 
.. lion of the timer on is not greater than T,^ then the de- 
vice continues to supply RF current to the tissue and con- 
tinues to measure current voltage and impedance, etc. 
as described above. 

The output 110 ol the current threshold detector 106 
is coupled to an OB gate 1 18 which is coupled to a timer 

121. II the Imfo exceeds the 1**^ the output 110 of the 
current threshold detector 106 will present a logic 1 to 
the OR gate 119 which win then turn on the timer 121 . 

Similarly the output 117 of the voltage threshold de- 
Sector 113 is coupled to the OR gate 118. If the V 6rWl is 
exceeded by V^, the OR gate 11 8 will present a logic 
1 at its output 11 9 and turn on the timer 121. The output 
123 of the timer 121 is coupled to the controller 79. When 
the timer 121 has been activated for an amount of time 
that exceeds a preset threshold lime. T^, the output 
. 123 w* be a logic 1. The timer is reset with the user ac- 
tivated switch 42 which is coupled to the timer reset input 

1 22. when the instrument 10 is reset 

A coagulation complete condition is determined as 
. foMows: First. Z^*, is determined. Then, a target imped- 
ance at which coagulation is complete. » calcu- 
lated as a function of the minimum impedance. The initial 
impedance, Z mWl . Z^,. slope of the impedance curve, 
and time to complete may vary lor a given application 
and/or instrument, but tend to correlate to a function of 
minimum impedance. Oepending on the instrument used 
and/or the, actual desired result the actual function of 
mnimum impedance may vary. In this particular embod- 
iment MZ^fe) is shear: f(Z^) = 0.2Z ♦ 500 This function 
is bound, i.e.. where Z mm is > 560 ohms, then Z^,, is 
♦ SO ohms. t<y JU _ ,) may be a drfferent function. It 
may be contnuous. non-continuous. Sneer, non-linear, a 
pMJcowise approximation and/or in the form of a took- up 
table. HZ,**) may also be bound at different values 

The impedance signal 89 is used to determine tissue 



coagulation as folows: First, a determination is made 
whether the measured Z is a minimum impedance. Z mm 
The mpedance signal 69 is inverted and offset by a gam 
offset inverter 96. The output of the gain offset inverter 

5 96 is in turn is coupled to a peak detector 97. The output 
102 of the gam offset inverter is representative of an in- 
verted and offset measured Z. i.e.. (-Z+k). Z^ will now 
be the highest offset value of (-Z + k) encountered. 
The peek detector 97 thus detects and holds the 

>a - highest value of the inverted and offset measured imped- 
ance, Z. which is Z^. When 7 x has occurred, the out- 
put 103 of the peak detector 97 » representative of (-Z^ 
♦ k) RF energy is continued to be applied to the tissue 
and the rTxsnsonngror short circu& open circuit and time 

15 over as wett as looking for a 2^ continues until a Z is 
*qual to 

When the Z^ has been dete^mtned; function of the 
2^. mZ^) is calculated to provide a impedance, Z,^. 
^i. at which treatment {coagulation) Is completed The 

20 output 103 of the peak detector 97 is coupled to a thresh- 
old determtning circuit 98 which calculates the function 
of Z^ to determine the 2 im99t The output 99 of the 
threshold determining circuit is representative of Z^^ 
when ttie measured xnpedance is equal to Z^. 

2S A continuous comparison is made between Z and I 
>t should be noted here thatf(Z^ is continuously 
calculated as f(Z) unti a Z^ is detected The compari- 
son is continuously made between Z and t(Z) unt il Z^ 
is determined. This does not have a significant conee- 
• quence. however, because It is anticipated that f(Z) will 
be larger than Z during tissue treatment and a premature 
coagulation complete signal merefore wil not occur. 

If measured Z is less than or equal to the then 
RF energy is continued to be suppfted and steps de- 

35 scribedabove are carried out until a signal has been pro- 
vided to the controter that there is an open circuit signal, 
short cvcuit signal, a time over signal or a coagulate 
complete signal. If the measured Z is greater than or Is 
equal to "ZiM*»t* then a signal is provided to the controller 

*o that coagulation has been completed. Again it is noted 
that in mis embodiment Z has been inverted and shifted 
in order to accommodate Z^ determination via the peak 
detector 97. The impedance values referred to in this 
paragraph are the actual impedance values 

The output 99. of the threshold determining 

circuit 96 is coupled to the positive mpul 101 of a com- 
parator OP amp 100. The output 102 Of the gain offset 
inverter 96 is coupled to the negative input 104 of the 
comparator tOO The comparator 100 compares the -Z 

54> + k representative value which is input to the negative 
mput 1 04 of the comparator 1 00. to the Z^^., represent - 
atrve veiue which is calculeted as 8 function of -Z,^ ♦ k 
rf Z ^ki«lessth«riweo/jaltomeZ tw ^theconiparaiw 
output 105 wiH be positive. That is. if the measured Z is 

ss greater than ff7 rtun )- a coagulation complete signal will 
appear at the output 105 of the comparator 100. 

A sxjnet is provided to a controller for each condition 

ineheetino w t telKer or not m yw w » cnrwft i nw Mp*^» 
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the existence of one or more of these conditions the RF 
energy is automatically turned ott by the controller. Fig. 
11 illustrates the system logic of the controller 79 The 
controller 79 includes a short circuit input 1 24. a coagu- 
lation complete input 125. an open circuit input 126 and 
a troe out ir^Mit 127. as weft as a reset input 129. The 
controeer 79 also includes a RF control output 1 29 which 
switches on anoVor oft the RF generator delivery of e4ec- 
trosurgical energy to the tissue. As long as the output 
129 is a logic J. the RF is on. The output 129 is a logic 
1 when coagulate complete 125. time out 127. short cir- 
cuit 124. the open crcus 126 and the reset input 128. 
are all at a logic D\ H any one or more of me k>puts 124. 
125. 126. 127; 128 are at a tog* M " the RF control output 
129 is a logic and the.RF is turned off. 

A preferred embodrnent provides a control device 
which controls the generator energy output based on 
load impedance The toad rnpedance is used to defer- 
mire a preferred energy, level e.g.. voltage, current or 
power level, based on a speciic system toad curve for a 
generator, instrument anoVor application. The control de- 
vice then compares the actual energy level tor the meas- 
ured impedance wen the desired energy level and ao^ 
justs me generator output according to the difference ber 
tween the two. i.e.. preferably to minimize the difference 
between the two. 

The specific toad curve preferably reflects the volt-: . 
ege. current, power, for.a range ct impedance that will - 
optimize pertormance of the instrument: The load curve 
may have various forms, for example, it may be contin- 
uous or may be stepped. .The toad curve may vary from 
generator to generator, lor a particular instrument in use 
with the generator, or for a particular elect rosurgica I ap- ■• 
plication of the generator For example, in a one embod- 
iment using an instrument r such as described herein, 
three rnpedance ranges have been identified at which 
different energy requirements exist: Initially tissue im- 
pedance is in a lower range, e.g.. apprcoomatery 20 to 
tOO ohms. In the lower ranges, more current is required 
to provide enough p o w er to initiate tissue coagulation. A 
second, mid-range of. impedances, e.g.. approximately 
100 to 500 ohms, requires enough power to maintain the 
coagulation process. A third range of higher vnpedances 
typically occurring towards completion of coagulation, 
e g.. approximately 500 ohms and above, requires the 
voltage be limited to prevent sparking and tissue sticking. 
Thus the system load curve in this emb o dirne n t would 
reflect both the innerem characteristics of the generator 
and votago output at which optimum power o delivered 
for a particular rnpedance. as weft as the specific power 
requirements for a predetermined instrument and appli- 
cation. 

Referring to Fig. 10. a generator with a servo loop 
control device, is illustrated. The impedance signal 89 
and the votago signal 67 are fed back to the gen- 
erator 70 through a control device which comprises a 
function fitting device 61 and an error amplifier 62. The 
control device causes tf>e Generator 70 to onxiuca volt- 



ages within a desired range based on a toad impedance 
fit to a specAc load curve. 

The impedance 89 is fed to a function fitting device 
61. The output 64 of the function fining device 61 repre- 

5 sents a desired voltage based on the input impedance 
69 This desired voltage function is the voltage required 
for the generator 70 to produce a particular, pre-deter- 
rnmed load curve. Desired voltage output 64 along with 
actual vottage is fed into an error amplifier 62. The output 

io 65 of the error amplifier 62 represents an error voltage 
which is fed into an analog multiplier 75 through a diode 
77. 

Alt ernat very, current, power or another energy pa- 
rameter may be used to control the output of the energy 

is source or generator 70. A signal corresponding to im- 
pedance of the target ts input into the function filling de- 
vce which provides a desired current power or other en- 
ergy parameter output, which is then compared to the 
measured or calculated current, power or other energy 

20 parameter. 

The diode 77 ensures first quadrant operation of the 
analog multiplier 75. The analog multiplier 75 functions 
as an amplitude modulator of oscift at or 72 such that large 

. ... error voltages at output 65 resut in targe outputs from - 

2S RF amplifier 71. And sma* error voltages of output 65 
result in smaller RF output from RF amplifier 7 1 . Thus. 
. .generator 70 acts as a ctoseoMoop servo system based 
., on voltage such that a desired load curve ts obtained. 
The loop compensation device. 63 acts to stabilize the 

m servo loop. If an electrical parameter other than vottage 
is used, the form fining function preferably outputs a s»g- 
nal reflecting the o^erence si me altorrwatK^ energy pa- 
rarneter. 

Referring now to Figures 6-9 a flow chart Austrates 

3S a method lor carrying out a microprocessor controtted 
emboolment of *>e present invention When the system 
is turned on (block 200). the variables including Z^, 
v swe» W. . and 2!^ are initialized (block 

201). The system continues to look for the activation of 

*o the RF switch (Mock 202). When the RF switch ts turned 
on. me interrupts are set tor RF Switch (block 203). tor 
Short Circuit (block 204). and Open Circuit (block 205) 
so that when one of these interrupt conditions occur, the 
microprocessor automatically goes 16 the instructor* 

45 associated with btock 234. 

After the interrupts ere set the timer is started (block 
206). A sequence is run to check the RF empfifier heafth 
(block 207). e.g.. to took tor an Ampkfier On signal or to 
check ft certajn votages are in a suitable range. II the 

so amplifier is operating property. RF energy is turned on 
(btocks208and209). 

It the empkfier is not operating correctly, an RF Off 
request is made (blocks 209 and 210) and a Hardware 
Failure Alert flag is set (block 211). The system looks for 

ss a hardware failure ftag (block 233). When the hardware 
fafture is detected, the controller provides a hardware 
failure alert indication and shuts off: (blocks 243 and 

2441 
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H hardware failure is not indicated (block 233). then 
and is read (block 235) to determine it any volt- 
age or current is bemg supplied by the system (block 
238). When the system is first initialized, until the instruc- 
tion to turn on energy *n btock 209 is reached, there 
should be no current or voltage. If there is a voltage or 
current with the BF request oft. then there is a hardware 
failure. A hardware fasure alert is indicated and the pro- 
gram is stopped ( blocks 24& and 244) 

II RF energy is turned on (block 209), then the V, m . 
and 1^ are read and the impedance. Z. is calculated by 
dividing the by the \ M . (btock 212). The controller 
checks to see if the V mM9 and 1^ flags are set. 
(block 21 3). These flags are set when a nrwiwnum thresh- 
old voltage is present and a minimum threshold current 
is delivered through the electrodes of the device, (blocks 
214. 215. 216. and 217): 

If ihe V^.^ and l^w. flags ate set (21 3) the sott- 
* ware looks tor a lime over condition to determine if the 
device has been on for a penod of time in excess of a 
'maximum, if a time over condition is recognized, the tsn- 
- er flag rs set. RF energy is turned off (blocks 218 and 
219} and a hardware failure check is run (block 233). 

After looking for a time over coridruon. the controller 
checks ifor a short circuit or open circuit condition. It a 
short or open circuit exists, the corresponding short cir- 
cuit or open circuit bit is set (block 220). RF energy is 
turned off (block 221). and a hardware failure check is 
run (block 233). 

. The controller checks again for V^^ and l****** ,n 
block 222. before proceeding to the threshold determin- 
ing portion of the circu* illustrated in Fig, 8 II the voltage 
or current M not exceed V,^^ or 1^^^ in blocks 214 
and 216. the controller iterates the sequence beginning 
at block 212 tor detecting time over, short circuit, open 
ctrcuft i.e.. the coagulation complete detection enable 
This enables the device to wart until enough current and 
voltage is defvered to the craift to check for the coagu- 
lation complete condition. 

< ^Itthe v, n ^ r< and 1*,^. flags are set, the short circuit 
and open circuit bits are not set (btock 220). and the time 
over condition does not yet exist (block 219); the rrew- 
wed.impedance used to determine if coagulation is com- 
plete as follows. 

The Z initial flag is set during the first iteration and 
Z**, is initially assigned the measured impedance value 
(blocks 223*225). Initialy. 2^ is the same as the meas- 
ured impedance and thus block 227 is b^m**ft at block 
226. A calculation is made of 1(2^) (btock 228). As long 
as the measured impedance is less than the t{Z^), the 
sequence is iterated (229. 231) In the next iteration of 
blocks 223-231. the newty measured impedance is com- 
pared to the pr evtous measured impedance which has 
been assigned (block 226). As tongas the imped- 
ance » decreeing, wM be reassigned the new val* 
ue of the measured irnpedarice (blocks 226 arwi 227) and 
the steps repeated. When the measured impedance ts 
Greater ttian or «ou*l to t<Z__) i o m» ihr*«*ofc* mtrnd- 



ance. the coagulation complete flag is set (block 230) If 
coagulation complete flag is set, the RF is turned off 
(btock 232) and the hardware failure check is run. 

If after the initial run through the program a hardware 

5 failure alert occurs (btock 233. 236) or an interrupt oc- 
curs, the program deterrrsnes the cause and indicates 
as such (blocks 233-242). The V^. and U, are read, 
(btock 235) If no current, or voflage ts being delivered to 
the system, the controller checks to see If the open cir- 

io curt, short circuit or time over flags have been set (brock 
237). If so then a signal indicates which flags have been 
set. and the program is returned to etart (blocks 240. 
242). Similarly, the centroier checka for the coagulation 
complete flag (block 239). U there was the coagulation 

»s complete flag has been set. « wM be indicated tor ten 
seconds (Week 241). if not. it will be indicated as not com- 
plete (block 240) and the program wtH return to point at 
the start (btock 242). Preferably the electrical compo- 
nents selected to carry out the steps of Figs. 6*9 are 

20 adapted to provide a complete Henstion of al the steps 
at least every 1/50 second. 

Referring now to Figs. 1-5 there is Mtustratsd an in- 
strument to be used in conjunction with the impedance 
feedback device of the present invention. An endoscope 

2S linear cutting and stapling instalment 10 is shown having 
a housing 1 6 coupled to a shaft 30 with a lumen extend- 
ing therethrough and an end effector 15 extending from 
the distal end of the shaft 30. The end effector 15 com- 
prises first and second elements which are comprised of 

so intedacir^ jaw members 32. 34. Jawrnember 32 brnov- 
abfy secured to jaw member 34. The housing 16 has a 
ctarnpir>g trigger 12 tor ^ 

members 32. 34 are shown In an unciamped position in 
Fig. 2. *m a clamped position prior to instrument firing in 
ss Fig. 3. nod m a clamped position after instrument firing 

in Fig. 4. 

Jaw member 32 comprises an anva 18. U-shaped 
electrode 39 extend**) along ttte length of the jaw 32. 
and a U-shaped insulating materia! 31 surrounding the 
*o outsxfeofthe electrode 39. Jaw member 32 has an inner 
surface 33 which faces an inner surface 35 of jaw mem- 
ber 34. The U-shaped electrode 39 comprises two elec- 
trically communicating electrode bars 27. 28 forming a 
first pole and located on and extending substantially 
*$ along the length of me inner surface 33. The U-shaped 
electrode 39 is comprised of a conductor, such as. alu- 
minum or surgical grade stainless steel The bars 27.28 
are separated by a knife channel 29 extending longitu- 
dinally through the middto of the electrode 39. Pockets 
so 36 located on anvil 18 tor receiving staple ends are lo- 
cated atong the inner surface 33. lateral to and outside 
of bars 27. 28. The electrode bars 27. 20 and insulating 
materiel 31 form a ridge 56 extending out relative to an 
anvil portion 37 of ths inner surface 33 (Fig. 5). The elec- 
ts trode 39 acts as a first pole of a bipolar system. The envtl 
18 is formed of an stectricaty conductive material and 
acts as a second pole of the bipolar system, stectneaity 
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tated from the electrode* by the U-shaped insulating ma- 
terial 31. 

Bipolar energy may be euppbed to the end effector 
15 from eiectrosurgjcai generator 40 (tig. 10) through 
wires 19. 20 extending into the body 16 of the instrument. 
The generator 40 isuser contxoeed by way of switch 42 
- (fig. 10). Wire 19 provides electrical current to the elec- 
trode 39 through electrical contact means extenrjng 
through shaft 30. Wire 20 carries a current to the anvil 
18 and is coupled to the anvd 18 through; an electrical 
contact means e x tending through the shaft X. The elec- 
trical circuit is dosed when and only when the clamping 
trigger 12 is dosed. A means of connecting the wire to 
the corresponding electrode as wefl as instrument actu- 
ation means are described in parent a pp l i ca tion S.N. 
06^095.797. incorporated herein by reference. 

Jaw member 34 comprises a cartridge channel 22 
and a cartridge 23 inserted into the cartridge channel 22. 
The cartridge 23 inckxtoa tr»c^25forwec^ 13. sKr«le 
chanr>el 26 eidend>ngTlongftudine^ throuc^ the center 
of the cartridge 23, a senes of drivers 24 extencfcng into 
the track 25 arid staples 1 7 arranged in two sets of par- 
allel double rows. When tissue is engaged between 
clamped jaw members 32, 34, . a firing trigger 1 4 located .•■ 
on housing 16 may be . actuat e d to a dvance a cutting st- 
erner* 11 through the engaged tissue to cut the: tissue. 
Simunaneousry. when the firing trigger. 14 is actuated, 
the wedge 13 is advanced through thet track 25 causing 
the drivers to 24 to displace tow ar ds the staples 17. 
IharoOy driving the staples 17 through tissue and into ary 
vfl pockets 36. 

In operation, the end effector 15 of the instrument is 
located at a tissue site where ussue is to be treated The 
jaw member s 32. 34 are opened arid tissue is then 
placed between the irtarlsc rt g inner surfaces 35. 33 re- 
spectivefy of jaw members 32, 34. the c lamping trigger 
12issQuoezedtocausetheiewmemOer«32.34locioM 
to locate and compress tissue b etween, the interfacing 
inner surfaces 33. 35. The closure of the clamper trigger 
-12 also closes the electrical orcurt When the tissue has 



ement 11 as the cuttrtg element 11 cuts the tissue. 

The tnverfeon described and the specmc detads and 
the manner in which a may be carried out having been 
exemplified it wrU be nad^f apparent to those staled tn 
5 the art that innumerable variations, mc*fficalions, and 



IS 



t of the basic principles invofved may be made 
w*tKx4 departngtrom#>e spirit and scope of the present 
invention. The impeobnee feedback system as de- 
scribed above is used to indicate when sufficient cauter- 
ization has occurred. When coagulation is complete; a 
signal may be provided by a contfoBor to a user, or a 
co jpoaet may automa t i cas y turn off the WP energy, Ottv 
- er signals may be provided to an instrument user as wel. 
For e xamp le a tone corresponding to the rneasured im- 
pedance may be provi de d to e user to eudWy monitor 
the change m inipeoVwv e. 

ft is also intended that this o^viceartf or method be 
used with n um ero u s types of elect rosurgicaJ instruments ■ 



in part or in whole with the actual instrument, as a sep- 
arate unrt enoYor wtth the energy source or generator. - 
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1. 



A control device compnsing: 

. . impedance measwement circuitry adapted to 
be DO ts jjs sd jtejtststie^cpntactirig'je ^ associ* 
ated with a tJtsue-treair>g portion of a surgical 
instrument and to an energy source aoaptsdtosup* 
pry therapeutic eiectn»uro>^ energy to said elec- 
trodes; end 4 . 

sfi energy conaxrf signal adapted to control RF 
energy supplied from said energy source to said 



wherein said l itip e da nce mee e u rem e nt oir- 
cuftry la adapted: 

to measure the impedance of tissue engaged 
*o by said tissue-treating portion of sax* surgical Inetru- 



32. 34. a user may apply RF energy from the 
40 using a user actrvated switch 4Z Current flows 
through the compressed tissue between the electrode 
39. La., the bars 27. 28. end the anvi 18 45 

After the RF energy is turned off. the controller indi- 
cates the instrument status, e g., open circuit, short csr- 
cuk. coagulation c omp let e, time over. If the coagulation 
complete status is indicated, the firing trigger 1 4 may be 
actuated to advance cuthng element 11 through knife so 
channels 2i6. 29 to cut engaged tissue be tw een the bars 2- 
27. 28 where the tissue has been cauterized. Simultane- 
ously, the firing trigger 14 advances the wedge 13 
through track 25 to advance drivers 24 to fire staples 17 
through tissue and into pockets 36 of the anv* 18. Thus. « 
the cut bne is lateral to the coagulation Snes formed by 
the bar electrodes 27. 28 and staples 17 era applied into 
» rows on each sida of cu8«x> 



to determine a minimum impedance value. 

to determine a target Impedance value as a 
function of said minirnum Impedsnce value: 

to compare measured snped a ri ce values to 
said target impedan ce value; and 

to after said energy control signal when said 



The control device of ciaim 1. where* said imped- 
ance meetunng cJrcudry wniuossc 

a first device tor detemvung the minimum 



first device for 
i a func- 



a second device coupled to 
tminjng the targe 
tion of said ii wunum 
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ance values to said la/get impedance value and for 
generating a signal indicating whether said meas- 
ured impedanca value exceeds satd target imped- 
ance value: 

A control device adapted to be coupled to an energy 
source lor providing electrosurgical energy to tissue 
to be treated, the control device comprising! 

a first input tor receiving at least one of a first 
signal representative of vottaggr delivered from said 
energy source to said tissue and a second signal 
representative of current delivered from said energy 
* source to said tissue: 

a second input for receiving a third signal rep- 
resentative ol a target impedance for said tissue on 
the energy source, determined from the' first and 
second signals; and 

a function fitting device for providing a fourth 
signal representative of desired energy output 
according to a system load curve, me fourth signal 
conesponding to desired energy output for the tar- 
gel load impedance represented by the third signal; 

wherein said control device is adapted to: 

control energy output by the energy source 
based on the third signal representative of the load 
impedance: and 

control the energy source to bring elect rosur- 
gical energy delivered by the energy source to the 
target w*hm a range of desired energy output based 
on said system load curve. 



4. The comrof cfevtce of claim 3 wrur^ include* a com- 
parison device for comparing said fourth signal, rep- 
resentative of desired energy output, to at least one 

of said first and second signals, said comparison as 
device being adapted to provide a control signal tor 
controlling said energy eourca. 

Si The control device of claim 4» wherein said control 
v signal represents a difference between said fourth *o 
signal and said at least one of said first and second 
signals. 

5. A generator for providing etectrosurgjcaf energy to 
an electroeurgical device said generator compris- 
ing: 

an electrosurgical energy source tor providing 
etectrosurgical energy to said electrosurgical 
device: and 

a control device according to any one of claims so 
tto5. 

wherein the control device is arranged to con- 
trol the output of said energy source 

7. . An etectrosurgical device for treating tissue during 55 
a surgical procedure, the etectrosurgical device 
composing: 

first and second elee- 



2S 9. 



trodes adapted to contact tissue io be treated and 
to cause electrosurgrcal energy to be conducted 
between said electrodes through said tissue: and 

a control device according to any one of claims 
t to 5. 

wherein the control device is adapted to con- 
trol the output of said etectrosurgical energy 
between sard electrodes. 

An elect rosurgical device for treating tissue during 
an etectrosurgical procedure, the etectrosurgical 
device cornprising: 

etectncaty isolated first and second elec- 
trodes adapted to contract tissue to be treated and 
to cause etectrcsurgicaJ energy to be conducted 
between said electrodes through said tissue: 

an electrc*urgtcal energy source tor orovidog 
said etectrosur^caJ energy to said electrodes; and 

acont/oio^yjcea^^ 
ttoS. 

wherein said control device is arranged to con- 
trot the output from said etectrosurgical energy 
source to said electrodes. 

the electrosurgical device of claim 7 or 6. wherein 
said first electrode is located on one of a first and a 
second element and wherein said first and second 
elements are movable relative to each other tor 
engaging tissue therebetween. 



10. The electrosurgical device of claim 9. wherein said 
second electrode is located on the other one of eaid 
first and second elements, . 

11. The electrosurgjcai device of claim 9. wherein: 

said . firsl and second elements each com- 
prises an interfacing surface for engaging tissue to 
be electrosurg>ca#y treated. 

said first and second electrodes each com- 
prises one or more electrode elements located on 
said interfacing surfaces: and 

said first and second electrode elements are 
offset from one another with respect to said Interfac- 
ing surfaces. 
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